A. B. LEVINE AND C. R. FELLERS stopped the growth in tomato catsup of all microorganisms studied and that combinations of salt and sugar with the acid did not lower appreciably the amount of acetic acid required.
The antiseptic action of acetic acid and some other organic acids is not confined to bacteria; these acids appear to be toxic to yeasts and molds as well. Cruess and Hascal (1924) reported that 0.8 to 1.0 per cent acetic acid seemed to inhibit the fermentation of apple cider by Burgundy yeast. Katagiri (1926) found that at a constant concentration of free acid, the rate of fermentation by yeast was independent of the concentration of either acetate or formate salts. Similarly, the nature of the salt cation, Na, K, or NH4 had no influence. The yeast fermentation was, however, very sensitive to the presence of free acid. This investigator states that the effect is no doubt a complex one, due in part to hydrogen ions and in part to the undissociated molecules of the acid but that the influence of the latter is much greater than that of the former. Fabian and Wadsworth (1939) demonstrated that acetic acid is a better preserving agent for sweet pickles than lactic acid. The pH value of the pickle syrup was not a reliable indicator of the preserving power of the acids present. Levine and Fellers (1940) conducted comparative studies and showed that acetic acid was more toxic than either lactic or hydrochloric acid to Salmonella aertrycke, Saccharomyce8 cereviseae, and Aspergillu8 niger. These organisms were inhibited or destroyed at a higher pH value when acetic acid was used as the toxic agent than where lactic or hydrochloric acids were used.
EXPERMMENTAL

Index organisms
The test microorganisms used were Salmonella aertrycke, Staphylococcus aureus, Phytomonas phaseoli, Bacillus cereus; Saccharomyces cereviseae, (Lister strain) and Aspergillus niger. These microorganisms were selected, not only for their association with food spoilage, but also for their representative value as more or less typical members of certain microbial groups.
Methods
The effect of acetic-acid on the total destruction and on the reduction of numbers of bacteria and yeast was determined by a 15-minute contact with acetic acid solutions. The test microorganisms were also subjected to contact with acetic acid solutions containing 5 per cent salt and with acidified 20 per cent sugar syrups. The solutions were prepared as follows: Five milliliters of sterile distilled water were added by pipette to each of a series of sterile tubes. To the first tube, were added 5 ml. of acetic acid of known concentration. After mixing, 5 ml. of this solution were transferred to the next tube. The procedure was repeated until each tube in the series contained 5 ml. of acid solution in decreasing order of concentration, 5 ml. from the last tube having been discarded. One-tenth ml. of a diluted broth culture was added to each tube. The tubes were well agitated and replaced in the rack for 15 minutes. After this contact period a standard quantitative plating was made on each tube. Nutrient agar was used for the bacteria and glucose agar for the yeast.
The same general procedure was followed where acid-sugar syrups and acid-salt brines were used. Five milliliters of sterile double strength salt brine or sugar syrup were added to the first tube so that dilution with an equal volume of acetic acid gave the same strength brine or syrup in this tube as in the others of the series.
Immediately after plating, determination of pH was made on each solution remaining in the tubes. All pH determinations were made electrometrically by means of a Beckman glass electrode pH meter in which the electrode was balanced against a standard cell. Total acidities were calculated, since the acid concentration of the first tube and the subsequent dilutions were known. These calculations were checked occasionally by actual titration with standardized sodium hydroxide.
The mold was cultivated in flasks of 0.5 per cent glucose broth alone and also in glucose broth with 5 per cent salt and with 20 per cent sugar. The broth solutions in each series were acidified with acetic acid. An unacidified control was used in each series also.
The technique employed in the study of Aspergillus niger was somewhat different from that used with bacteria and yeast due to the nature of the mold. Sterile 50 ml. portions of 0.5 per cent glucose broth were transferred aseptically to sterile 250 ml. Erlenmeyer flasks. This procedure was used to obviate unequal loss of flask contents through evaporation during sterilization. The sterile sugar-and salt-glucose broths were added to series of flasks in the same way. Varying amounts of acetic acid were added to the flasks to make series of decreasing acid concentrations. The volume of acid added was sufficiently small to affect the surface of the medium but little. Ten milliliters of solution were removed from each flask for pH and total acidity determinations. Acidity was determined by titration with sodium hydroxide with phenolphthalein as the indicator. The remaining 40 ml. gave a maximum surface in each flask for mold growth. A 0.1 ml. water suspension of spores of Aspergillus niger was inoculated into each flask. The flasks were held for five days at 3000. (80TF.) in the absence of light. The dried weight of mold which had developed during the incubation period was determined by filtering and washing the flask contents. The filtrate was saved for pH and total acidity determinations. The mold mats were dried at 1000C. (2120F.) to a constant weight.
Experimental results Results are presented in tables 1 to 6. The percentage reduction in whole numbers is based on the number of organisms surviving after a 15-minute contact period with similar solution, water, brine, or syrup, that contained no added acetic acid. Thus, in table 1 at a pH 3.3 and a total acidity of 0.15 per cent acetic acid, there was a 98 per cent reduction in the number of cells of Salmonella aertrycke surviving from the number obtained when water at pH 6.2 was used as the contact medium. For brine of the same total acidity, 0.15 per cent, the pH was 3.1 and the reduction was 100 per cent. A 20 per cent sucrose syrup that contained 0.15 per cent acetic acid and had a pH of 3.5 caused a reduction from the number of organisms surviving in the unacidifled syrup of 99 per cent. Greater numbers of Salmonella aer-trycke survived contact with the unacidified 5 per cent brine and the unacidified 20 per cent syrup than with the water alone. Bushnell (1921) found that broth media containing 4 per cent NaCi brine was also less effective than the syrup at equivalent pH but this is not surprising inasmuch as the syrup contained a slightly higher percentage of the acetic acid. In this case some of the reduction may be attributed to the slightly higher acid concentration at this pH value. The syrup permitted the survival of no organisms at pH 3.5 and acidity of 0.17 per cent, whereas at pH 3.3 and the same total acidity, the water solution permitted the survival of some organisms. Table 3 presents the results obtained on an experiment of a similar nature with Phytomonas phaseoli, a plant pathogen. This organism proved to be less resistant to acetic acid than did the other microorganisms. Water and acetic acid at pH 3.4, and brine and syrup at pH 4.0 caused a 100 per cent destruction of the organisms in 15 minutes. In addition, both the brine and the syrup controls with no added acid were more toxic than the water alone. Again, the acidified sugar syrup at any pH caused a greater reduction in numbers than did the brine or water series solution of a corresponding hydrogen-ion concentration. This was true, despite the fact that the unacidified sugar syrup was less toxic to Phytomonas phaseoli than the plain salt brine.
Bacillus cereus, an organism closely related to Bacillus mesentericus which causes a "ropy" spoilage in many foods, yielded the results in smaller number of organisms involved. Since acetic acid appears to be as effective against spores as against vegetative cells, it is significant that it may be useful for the control of spore-forming bacteria in foods. Yeasts can generally tolerate higher acidities than most bacteria. Table 5 shows that Saccharomyces cereviseae survived contact with acidified water, brine, and syrup solutions at higher total than did the acidified water at a corresponding pH. Thus, at pH 3.0 the brine caused a reduction of 25 per cent whereas a 15-minute contact period with water at this pH resulted in a reduction of 37 per cent. Yet the water solution at pH 3.0 had a total acidity of 0.59 per cent while the brine at the same pH had only 0.15 per cent acidity. The greater toxicity of the water solution seems to be due, therefore, to the higher content of acetic 
